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THE DISTRIBUTION OF PARATHYROID TISSUE AND THE RELATION OF 
THE  PARATHYROIDS  TO THE THYROID. 
As  a  complicating  factor  in  thyroid  work during  the  past  eight 
years I have observed thirty-eight cases of tetany and three instances 
where total  removal of the  thyroid lobes was not  followed by any 
of the phenomena of tetany. 
The  frequency of tetany  following thyroidectomy in  dogs  is  an 
index to  the constancy of location of the parathyroid  glands.  On 
account of the fact that in most of these cases partial thyroparathy- 
roidectomy was done from time to time extending over months and 
sometimes years before the insufficiency became clinically detectable, 
ample  opportunity  was  offered  for  compensatory  adjustment,  and 
in  this  way some cases  escaped  that  would  otherwise  have  had  at 
least a transient tetany if the same amount of parathyroid tissue had 
been removed suddenly. 
In all  carnivora  it is  exceedingly difficult to  remove totally even 
the normal thyroid without obtaining at least a  transient  tetany on 
account  of the  intimate  anatomical  relation  of  the  parathyroids  to 
the  thyroid,  while  in  man  and  the'herbivora  this  difficulty  rarely 
arises on account of the wide separation of the inferior or external 
or IIId parathyroids  from the thyroid lobes.  In dogs the difficulty 
is  of course greatly  increased when the thyroid  lobes are enlarged, 
as they are in about 9 °  per cent. in this locality.  There is much writ- 
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ten concerning the distribution of the parathyroid tissue.  Its origin 
from four separate anlagen enhances the possibilities  for abnormal 
distribution  outside  the  thyroid  area.  In  dogs  aberrant  parathy- 
roids are most frequently found in connection with the thymus.  In 
one series of routine examinations of ninety-eight thymuses, I  acci- 
dentally included parathyroids in the specimens for histological ex- 
aminations on two occasions and in a  case of transient tetany fol- 
lowing  removal  of  both  lobes  of  the  thyroid  I  found  at  post- 
mortem examination 257 days later a large accessory parathyroid in 
the thymus.  In the three  instances  (A-IO6,  A-I23,  and  A-I94) 
where following complete removal of both lobes not even transient 
tetany developed,  no  parathyroid  tissue  was  found  at  the  routine 
post-mortem  examination,  though several  suspected  bits  of  tissue 
were examined histologically. 
Parathyroid tissue unconnected with the thyroid lobes in sufficient 
amounts to maintain life after the removal of both thyroid lobes is 
present  in  at  least  5  to  6  per  cent.  of  dogs.  This  percentage  is 
further increased  (I)  by partial parathyroidectomy extending over 
months and years which allows of the development of any compen- 
satory mechanism, and  (2)  by the temporary use of calcium salts 
which  will  occasionally  tide  the  animal  over  an  otherwise  fatal 
tetany. 
These facts concerning the distribution of parathyroid tissue, and 
the influence of compensatory hypertrophy and calcium salts are of 
importance in the controversy that has  arisen as to the relation of 
the parathyroids to the thyroid and their importance to life. 
• Bearing on the question of the interrelationship of the parathy- 
roids and thyroid which some English observers, notably Vincent ( I ) 
and Forsyth (2), have supported are the only two cases of operative 
myxedema in dogs we have observed  (both transient), and in both 
of these transient and partial  tetany not associated with the myx- 
edema developed.  The cases are given below. 
Dog A-Hz.--Female  fox terrier.  Jan.  II, 19o8.  Weight 5.5 kilos.  Jan.  15. 
Entire left lobe and two thirds of right lobe (weight 4.15 gin.) removed. Mar. 
15.  Two pups born.  Mar. 25.  Removed  about one half  of remaining'portion 
of right lobe.  Mar.  25.  Violent  tetany.  Calcium chloride and milk given daily 
until Apr. 6.  Oct. 29.  Five pups born.  Nov. 3.  Violent tetany.  Milk and David  Marine.  91 
calcium chloride given for three days; tetany cleared up.  Dec. 3.  Pups  weaned. 
Dec. 7-18.  The remainder of the right lobe (weight 0.25 gin.) was  removed, and 
IO c.c. of saturated aqueous solution of calcium chloride were given daily.  Dec. 
24.  Hair  failing  out,  skin  dry  and  itchy.  Weight  5.9  kilos.  At  first  it  was 
thought  to  be  mange  and  the  dog was  given sulphur  rubs,  but  during January, 
t9o9,  alopecia  became  very  marked  and  the  dry  skin  was  everywhere  visible. 
Jan, 29.  Weight 7.2 kilos.  Feb. 12.  Weight 7 kilos.  New coat of hair is begin- 
ning to come in.  Feb. 26.  Weight 6.2 kilos.  Mar.  15.  Weight 6.I kilos.  New 
coat of  hair about  o.  5  cm.  long.  In  heat.  May 24.  Two  pups  born.  June  5. 
Weight 5.7  kilos.  July  io.  Weight 6  kilos.  Aug.  IO.  Weight 6.2  kilos.  Sept. 
14.  Weight 6.2  kilos.  Oct.  4.  Weight  5.9  kilos.  Nov.  26.  Weight  5.9  kilos. 
Dec. 9,  Killed in fight with another dog. 
.4utopsy.--One  large  accessory  parathyroid  was  found  in  the  thymus,  and 
three small aortic thyroids were in a  state of marked hyperplasia. 
Dog A-x83.--Female mongrel.  Nov.  16,  19o9.  Weight Io kilos.  Nov.  I6-23. 
I c.c. of Lugol's solution given.  Dec. I.  Bit of left lobe removed.  Weight 0.45 gin. 
Dec. I, 19o9, to Feb. 9, 191o.  Dog received I gin. of sodium cyanate daily.  Dec. 15. 
Another bit of left lobe was removed.  Weight 1.25 gin.  Jan. 6, I9IO.  Remainder 
of  left  lobe  removed  (weight  2.49 gin.).  Jan.  19.  Bit  of  right  lobe  removed 
(weight o.67 gin.).  Feb. 9.  Bit of right lobe removed  (weight  1.58 gin.).  June 
13.  Weight lo.2kilos.  Oct. II.  Nine pupsborn.  Nov. 15.  Pups weaned.  All have 
strikingly enlarged thyroids.  Oct.  15.  Weight I2 kilos.  Hair  falling out.  Jan. 
• 6,  1911.  Loss of hair is marked.  Weight 12.2 kilos.  Feb. I2.  Weight II kilos. 
New  hair  coming  in.  Mar.  3.  Weight  lO.2 kilos.  Apr.  I.  Weight  9  kilos. 
Active;  coat glossy.  Apr.  II.  Remaining portion of  right lobe isolated, about 
size of a  medium olive, much hypertrophied.  Removed portion  (weight 4.6 gin.) 
leaving a  small stump.  Apr.  13.  Violent tetany.  Calcium chloride solution by 
stomach.  Apr. 18.  Weight 9.6 gin.  Occasional tetany sometimes mild and often 
severe,  always  controlled  by  calcium  lactate.  May  I.  Impregnated.  May  2o. 
Pregnant.  Suddenly  taken  with  violent  tetany;  relieved  by  calcium  lactate. 
Occasional  twitchings  until  June  30,  nearing  full  term,  severe  tetany,  calcium 
lactate.  July  I.  Tetany again, calcium lactate.  Was in  tetany daily until July 
6,  when  she died of tetany shortly after the birth of seven living full term pups. 
Histological examination of the remaining stump of the thyroid lobe revealed 
a  trace  of  parathyroid  tissue  in  the  dense  scar  tissue  of  the  thyroid  capsule. 
The thyroid tissue is in a  state of marked hyperplasia.  Two  aortic thyroids are 
present,  but no other parathyroid tissue  is  found. 
In  these  two  experiments  the  tetany  was  dissociated  from  the 
myxedema.  In  dog  ~-II2  the  last  attack  of  tetany  preceded  by 
about  forty  days the  onset  of myxedema  which  occurred  following 
the last operation  for total removal of the thyroid  lobes.  The myx- 
edema  cleared up in three months  and the dog remained  in apparent 
health  clinically until  killed  on  December  9,  thirteen  months  after 
the last attack of tetany and nine months  after the disappearance  of 
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operation of  partial  removal of  thyroid  (about  nine tenths),  and 
completely cleared up two months before the onset of tetany on the 
day after the sixth operation for removal of 4.6 grams of the much 
hypertrophied stump  of  the right lobe.  The dog remained subte- 
tanlc with the aid of calcium salts until the end of pregnancy, when 
an  uncontrollable  parathyroid  insufficiency  developed  and  ended 
fatally. 
Such observations when compared with the experiences of others, 
--Simpson  (3)  with  tetanies  in  sheep;  Halsted  (4),  MacCallum 
(5),  Erdheim  (6),  and others with tetanies in dogs;  Kocher  (7), 
Reverdin  (8),  and  Fuhr  (9)  with  total  thyroidectomy in  man; 
Maresch  (IO),  Erdheim  (II), and Getzowa  (I2)  with congenital 
defects; and Roussy and Clunet (13)  with spontaneous myxedema, 
--leave no doubt that as regards myxedema and tetany the parathy- 
roids and thyroids are anatomically, physiologically, and patholog- 
ically independent structures. 
THE RAPIDITY OF THE DEVELOPMENT OF TETANY AND THE RELATION 
OF TETANY TO AGE, AMOUNT OF PARATHYROID TISSUE REMOVED, 
ACCESSORY PARATHYROIDS, PREGNANCY, LACTATION, 
RICKETS,  SULPHUR,  AND  DIET. 
I  have seen violent tetany develop as early as seven hours after 
the removal of the parathyroids  (dogs A-I49 and A-I67)  and end 
fatally  within  eleven  hours  of  the  operation.  In  our  series  the 
average time between the last operation and the onset of tetany was 
eighteen to twenty-four hours.  This has impressed me as relatively 
more rapid  than the average time  intervals, reported  by other ob- 
servers.  The  conditions are not  quite  comparable  as  usually the 
parathyroidectomy is made at a single operation, while in nearly all 
of our cases partial thyroparathyroidectomy had been practiced for 
weeks and months and occasionally a year before the final operation 
precipitating the tetany.  It is therefore possible that the factor of 
safety  or  protective  reserve  was  greatly  reduced  before  the  final 
operation. 
Several factors influence the rapidity of onset of tetany : ( I )  age, 
(2)  the amount of parathyroid tissue removed, (3)  the presence of 
inaccessible accessory parathyroid tissue,  (4)  pregnancy and lacta- 
tion,  (5)  rickets,  (6)  the use of sulphur, and  (7)  the diet. David Marine.  98 
Age.--The  age of the animal,  as  many observers  have pointed 
out, is important.  Simpson (3)  in his work with sheep showed that 
lambs usually develop tetany following parathyroidectomy, while in 
yearlings he never observed a  fatal tetany, and in old sheep there 
were no tetanic manifestations at all.  In dogs and cats tetany fol- 
lows the parathyroid removal at any age so that the age factor can- 
not be shown in this way.  The young are, however, more suscep- 
tible.  The difference due to age is suggested by the following ob- 
servations.  I  ligated the superior thyroid arteries on both sides in 
four pups  (A-2o3,  A-2o4,  A-2o  5,  and  A-2o6)  of  the same age 
(sixty-two days) and same litter, and in all violent tetany developed 
on the following day, eighteen hours after the ligations.  They died 
of tetany on the eighth, twelfth, ninth, and eighth days, respectively, 
although calcium lactate was given daily.  At autopsy the wounds 
were healed per primam.  Only the regions of  the superior poles 
had  been  traumatized  by  the  operative  procedure.  The  thyroid 
lobes were somewhat enlarged in each case and in a state of marked 
hyperplasia.  Anemic necrosis roughly involving the upper half of 
the lobes  was present  in each  case.  The  inferior thyroid  artery, 
which is normally very small in the dog, was intact and uninjured 
in  all.  In twelve similar  operations  in adult  dogs  undertaken to 
study the effect of superior thyroid artery ligation none developed 
tetany although there was in all a small zone of necrosis at the upper 
poles involving in some instances a  third of  the lobe.  While the 
difference in outcome between young pups  and adults may be ex- 
plained principally on the difference in the extent of the necrosis still 
this  can  scarcely  be  the  whole  explanation.  These  pups  were 
slightly rachitic and this also is probably an important factor. 
Amount of Parathyroid  Tissue Removed.--In adult dogs under 
normal conditions of food and environment one uninjured IIId para- 
thyroid  is  sufficient to  prevent  fatal  tetany.  Many  cases  are  re- 
ported where a  IVth, or even smaller bit of parathyroid tissue has 
prevented all signs of tetany.  I have seen three cases  (dogs A-Io6, 
A-I23, and A-I94 )  where total removal of the thyroid lobes with 
their  normal  quota  of  parathyroids  induced  no  symptoms.  The 
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thyroid tissue  although  several suspected  bits  were examined  his- 
tologically.  The examinations were in no sense complete, as such 
a  procedure would  involve  serial  sections  of  the  entire  neck  and 
upper thorax, and I  am convinced that accessory parathyroids were 
present somewhere in the parathyroid area.  On the other hand,  I 
have seen typical and violent tetany occur in a lactating bitch, where 
four parathyroids were intact, as ascertained at autopsy. 
It  is  clear  from these extremes and  from the  larger number of 
cases  with  intermediate  amounts  of  parathyroid  tissue  showing 
variations in the occurrence of tetany that other factors than quan- 
tity  of  parathyroid  tissue  determine  the  onset  of  tetany.  Thus 
when an  anatomical insufficiency exists there exists  also  a  physio- 
logical insufficiency, but the reverse is often not true since a physio- 
logical or relative insufficiency may exist when two and even four 
parathyroids are intact. 
The same is, of course, true of the thyroid tissue,--that where an 
anatomical deficiency exists a  physiological insufficiency exists also, 
but in the spontaneous thyroid insufficiencies and even in the induced 
insufficiencies there is usually an excess of thyroid tissue in the early 
stages. 
Pregnancy  and Lactation.--These  factors tend to  induce a  rela- 
tive parathyroid insufficiency.  In  I888  Halsted  (4)  observed this 
in his  cases of partial parathyroidectomy in dogs which developed 
tetany late in pregnancy.  Since then many workers have observed 
this  tendency.  There were five cases  in  this  series  (dogs  A-z z2, 
•  A-II3,  A-I32 ,  A-I6I,  and  A-z83)  where tetany developed with 
pregnancy or lactation. 
In  dog  A-II2  partial  thyroparathyroidectomy,  followed  by  a 
transient tetany for four days, was done six months before the next 
pregnancy.  The dog developed tetany early in lactation which was 
controlled by calcium salts.  The remainder of both lobes was  re- 
moved later without causing tetany,  calcium salts  being given  for 
eleven  days.  Six  months  later  the  animal  gave  birth  to  another 
litter of pups without any tetany resulting. 
In dog A-I83 a mild tetany continued throughout the pregnancy, 
which was ct)ntrolled until the last week by the use of calcium salts. David Marine.  95 
Then in spite of the daily use of calcium lactate the tetany became 
severe and  terminated  fatally  at  the  birth  of  the  full  term  pups. 
Another bitch (A-I r 3) aborted during a severe tetany that probably 
could have been prevented by calcium salts. 
In another case  (A-I3e)  following a  first operation for the re- 
moval of one and three fourths thyroid lobes on December 7,  !9o8, 
a transient tetany developed which was controlled by the administra- 
tion of calcium salts  for ten days.  The  dog remained  free  from 
tetany during the next pregnancy and lactation  (May  I  to August 
I, I9O9)  but developed tetany on April I, r9Io, thirteen days before 
the birth of a second litter of pups.  This was wholly controlled by 
calcium lactate until the birth of the pups, then crushed bone was 
substituted which probably prevented tetany during lactation.  She 
remained in apparently good health  for  forty  days  after  weaning 
the pups andwas used for other experiments. 
In another case  (A-I6I)  violent tetany developed during lacta- 
tion with at least four parathyroids intact, as was determined later 
by operation and autopsy.  The regular diet of cooked meat with 
bread  but  no  bone  had  been  used.  A  synopsis  of  the  protocol 
follows. 
Dog A-z61.--Female mongrel; pregnant.  Mar.  17,  I9O9.  Thyroid lobes  pal- 
pable.  Sulphur and lard to  be given daily  (50 gm. of lard containing 5 gm. of 
powdered sulphur).  Weight 9 kilos.  Mar. 18.  Bit of left lobe, lower pole (weight 
o.4 gm.) removed for histological examination.  Mar. 21.  Stitches removed, wound 
healed; protective bandage.  Mar. 27.  Five pups born.  Average weight I95 gm. 
Apr. 2.  Weight 7.5 kilos.  Stools black and tarry; slight diarrhoea.  Apr. 13.  Weight 
7.2  kilos.  Dog  is  losing weight  steadily.  This  morning a  typical  and  severe 
tetany developed.  At  examination the  dog  is  lying on the  right  side,  leg~ ex- 
tended, respirations 154.  Pulse with stethoscope  224.  Marked salivation.  Pupils 
dilated,  palpebral  fissures  also  widened.  Dilatation of  the  peripheral  vessels. 
Ears,  nose,  paws,  and  skin  surface  generally hot  to  the  touch.  Temperature 
lO4  ° F.  All  muscles  spastic  with  fine  constant tremors  and  rapidly  recurring 
coarse jerky twitchings of  muscle groups all  over the  body,  in the legs,  back, 
jaws,  neck,  etc.  No  obvious  gastric  dilation.  Received  one  dose  of  40  c.e. 
saturated aqueous solution of  calcium chloride by stomach tube,  and in twenty 
minutes she  was  free  from  general symptoms of  tetany, and able to  walk but 
weak.  Sulphur stopped.  During the afternoon of the same day another bit of 
the left lobe,  lower pole  (weight 1.33 gin.)  was  removed.  The thyroid had en- 
larged  considerably  since  the  last  operation.  A  small  IVth  parathyroid  was 
attached to the bit of thyroid removed.  The dog rallied quickly and ate heartily 
in the evening.  Apr. I4.  In excellent condition.  Apr. 17.  In excellent condition. 96  Observations  on  Tetany  in Dogs. 
Nursing  four pups, the other one having been killed at birth as a control.  Average 
weight  of the  pups is  now  755 gin.  Apr.  21.  Bandage  and  stitches  removed, 
wound healed, protective  bandage.  Weight 6.8 kilos.  Apr. 22.  Started  sulphur 
again, 5 gin. daily.  Apr. 29.  Definite  though mild tetany.  Dull but able to stand 
up,  gait  ataxic, jaws,  legs, back, and  head  constantly  twitching.  No tachypnea. 
Pulse  13o.  Sulphur  stopped but no calcium given or any change in daily routine. 
Apr. 3o.  Free from tetany.  May 6.  Pups  weaned.  The dog has remained  free 
from any outward signs of tetany,  and in the afternoon in attempting  operation 
she choked up with mucus and died in spite of attempts  at resuscitation. 
Autopsy.--Performed at once.  Trachea  blocked with  mucus.  Thyroid lobes 
enlarged.  The remaining part of the left lobe weighs 5.22 gin.  The intact  right 
lobe weighs 7.92 gm.  The two large external  or IIId parathyroids  are  normally 
placed.  The  IVth parathyroid  on the  right  ]7obe is  also  prominent.  No other 
parathyroid  tissue is found.  Thymus large  andpersistent.  Spleen  normal.  Ad- 
renals,  liver, kidneys,  and  lungs,  appear  normal.  No  accessory  thyroids  could 
be  seen or  felt  in the  aortic  area. 
Histological Examination.--The  specimen of  thyroid  removed  on  Mar.  18 
showed  colloid  early  hyperplasia;  the  specimen removed  on  Apr.  13  showed 
colloid early  hyperplasia;  and  the  specimen removed  on  May 6  showed colloid 
moderate  hyperplasia, 
The  parathyroid  cells are  large  and  more  distinct  than  normally.  There  is 
no evidence of hyperplasia. 
Summary.--The bitch developed violent tetany twenty-four days after starting 
sulphur  and  seventeen days  after  the  birth  of  five healthy  pups.  A  single 
administration  of calcium chloride relieved the tetany  at once.  The sulphur  was 
stopped for nine days  following the  tetany  and  then  started  again.  Seven days 
later  the dog developed mild tetany, and on stopping the  sulphur no further evi- 
dence of tetany  developed during  the next seven days. 
It may be  stated,  therefore,  that in dogs as  in man tetanies  tend 
to  develop late  in  pregnancy and  occur even  more  frequently  dur- 
ing  lactation.  The  most  important  question  is,  Are  these  preg- 
nancy  and  lactation  tetanies  identical  fundamentally  with  those 
due*to  parathyroid  extirpation?  Several  authors  have  answered 
this  question  affirmatively.  In  the  cases  that  I  have  observed  in 
dogs there  are no objective differences to be made out.  They pre- 
sent  the  same  clinical  manifestations,  though  usually  milder,  and 
they react with calcium salts in the same way. 
Since the discovery by MacCallum  (14)  and Parhon and Urech6 
(15)  of the effect of calcium on parathyroid tetany, it has been sug- 
gested that pregnancy and lactation predispose to tetany because at 
these times the mother suffers an increased depletion of mineral  salts 
among which is  calcium.  This  view draws  support  from the  facts 
that  calcium  salts  permanently  relieve  such  tetanies,  that  feeding David  Marine.  97 
•  foods rich in lime salts or giving lime salts  during a  second preg- 
nancy will prevent tetany in animals that during their earlier preg- 
nancies  developed tetany,  and  that  tetany  develops  very  quickly 
(six to twelve hours)  after removing the parathyroids in lactating 
or recently lactating animals (Carlson  (16)). 
I am inclined to think that the administration of large amounts of 
sulphur  favors  the  development of  tetany.  From  a  considerable 
experience with sulphur in relation to thyroid hyperplasia I  came to 
the conclusion that those dogs which had been given sulphur  (and 
most of our tetany cases had had sulphur)  for three to four weeks 
developed tetany earlier,  more violently, and possibly in the pres- 
ence of more intact  parathyroid tissue  than  otherwise.  The  case 
cited above (dog A-I6I ), which cleared up so quickly when sulphur 
was stopped, reappeared after it was started again, and again cleared 
up after  it was stopped, other conditions remaining constant, was 
further evidence that the administration of sulphur over long periods 
of time aids to some extent in bringing about a  state  • of nutrition 
favoring the development of tetany.  How it operates is of course 
mere speculation.  Sulphur is not wholly inert.  The formation of 
sulphides in the intestine and the slight laxative effect suggest that 
possibly some of the alkaline earths  are withdrawn fromthe field 
of absorption by this element. 
Influence  of Foods on  Tetany.--Meats  aggravate the symptoms, 
and milk, bone, and other foods rich in calcium are protective against 
tetany or delay its onset.  I  have seen several instances where bone 
administration  delayed  the  onset  of  tetany.  No  other substance 
besides calcium has been found to have this effect.  Similar effects 
of  an extremely mild  and  probably more complex nature  have  been 
claimed for magnesium and strontium, but in our hands they have 
yielded negative results.  It is certain that tetany is a  vastly more 
complex nutritional disturbance than a  calcium deficiency.  Of the 
diseases  favoring the  development of  tetany,  rickets  stands  first. 
Rachitic pups are more quickly affected by parathyroid removal than 
normal  pups,  and  tetany  is  induced  following the  removal  of  a 
smaller amount of parathyroid tissue than in normal pups? 
x Pups almost invariably  become rachitie when fed a diet of bread, liver, lung, 
and heart muscle,  although if crushed bone is added it is prevented.  Similar ob- 
servations have been made with lion cubs at the London ZoSlogical Gardens (17). 98  Observations  on  Tetany  in  Dogs. 
The  close  relationship  between  infantile  tetany  (carpopedal 
spasm)  and  rickets  has  long been known and many observers  be- 
lieve  that  this  form  of  tetany  is  identical  with  true  parathyroid 
tetany.  Yanase  (I8)  reported  the finding of hemorrhages in  the 
parathyroids in a  significant number of cases of tetany in rachitic 
infants and believed that a  direct relationship existed, but Oppen- 
heimer (I9), Bliss  (2o), JSrgensen (2I), and others could not con- 
firm this  finding.  There could be a  grave  functional insufficiency 
without any  gross  lesions.  If  the parathyroids  were  affected  we 
should rather expect an hypertrophy or hyperplasia as a  more fre- 
quent sign of  insufficiency than  the presence of  atrophic changes, 
just as occurs in the thyroid."  Slight degrees of parathyroid hyper- 
trophy are extremely difficult of proof, as the mammalian parathy- 
roid does not appear  capable  of a  striking overgrowth.  Erdheim 
(22),  Bauer  (23),  and  Strada  (24)  have described  hypertrophic 
changes in the parathyroids in osteomalacia in man.  In rickets and 
infantile tetany it is certain that no marked overgrowth of the para- 
thyroids occurs  and  calcium does not  usually affect this  form  of 
tetany.  However,  that  some important connection exists  between 
rickets  and  infantile  tetany and between rickets  and  the  ease and 
rapidity of onset of true parathyroid tetany in  dogs seems estab- 
lished.  How much may be due directly to the parathyroids and how 
much is due to reducing the factors of safety, one of which is cer- 
tainly calcium, remains unknown. 
RELATION OF THE :PARATHYROID  GLANDS TO SUGAR TOLERANCE. 
Dogs are not favorable animals for this work because it is prac- 
tically impossible to remove the thyroid lobes without destroying the 
IVth and seriously injuring the IIId parathyroids.  Most of the dis- 
cordant  results  reported  in  the  literature  are  attributable  to  this 
factor, a notable illustration being Hirsch's  (25)  observations, when 
in  I9O6 as  a  result of experiments with six thyroidectomized dogs 
he concluded that the thyroids exercise an  important control over 
carbohydrate metabolism; and two years later, as a result of experi- 
ments on fourteen dogs, he concluded that it was not the thyroid but 
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the  sugar  tolerance.  He  found the  glycosuria  and  hyperglycemia 
parallel, 
Underhill and Hilditch  (26),  in I9o  9, as a result of experiments 
of  thyroparathyroidectomy  and  partial  thyroparathyroidectomy 
showed  that  sugar  tolerance  was  measurably  reduced  when  three 
parathyroids were removed, but that two intact parathyroids  could 
maintain  normal  control  over  sugar  tolerance.  Our  observations 
confirm the above findings  in that they show that it is not the loss 
of the thyroid but of the parathyroids that so quickly lowers sugar 
tolerance.  Blood  sugar  estimations  were not made  on any  of the 
cases. 
The plan  followed was to obtain the average  amount of glucose 
per kilo of body weight that each dog could take without alimentary 
glycosuria,  and  then  to  repeat  the  observations  after  parathyroi- 
dectomy.  The technical routine was  as  follows: Urine was  with- 
drawn with a  catheter,  and  glucose  solution  containing  2o  gin.  of 
glucose per IOO c.c. of distilled water, to which o.2 per cent. hydro- 
chloric acid was added, was given by stomach tube.  The dogs were 
catheterized  in one and two hours.  All  dogs  were on the  regular 
house  diet,  fed  once  daily  in  the  afternoon,  and  sugar  tolerance 
estimations  were made in the morning, an interval of at least three 
days,  and in most cases more, being allowed between observations. 
The  Worm-Mfiller,  Nylander,  and  Benedict  qualitative  tests  were 
used with each specimen. 
Ten dogs were thus observed and the results are given in table I. 
TABLE  I. 
Before  After onset of tetany. 
parathyroidectomy. 
Dog No.  No. of  Average  No. of  :  Average 
observa-  tolerance in  observa-  tolerance in 
__ti°ns'  ~gm"  per kilo  tions.,  gin. per kilo 
A-I67  4  8  to 9 
A-I83  I  9to  Io  8  2to3 
A-2o8  4  8  9  2  to 3 
A-2Io  2  7  to 8 
A-223  4  6to7  3  2to3 
A-217  20  2  to 3  5  2  to 3 
A-212  5  6  to  7  I  4 
A-214  3  9  3  2 
A-226  I3  5  to 6  6  4  to 5 
A-2H  6  2  to 3  2I  2  to3 
Presence of sugar in 
urine unrelated to its 
administration, 
On Iith  day 
Negative 
On  sth day 
Negative 
On 3d day 
Negative 
Negative 
Negative 
On 3d day 
Result. 
Fatal. 
Not  fatal. 
Fatal. 
Fatal. 
Fatal. 
Not  fatal. 
Not  fatal. 
Not  fatal. 
Not  fatal. 
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It is seen from the above table that in adult bitches great differ- 
ences  (varying  from  9-Io  to  2-  3  grams  per  kilo)  occur  in  the 
natural  tolerance  from  glucose.  This  must  be  determined  sepa- 
rately, therefore, for each dog.  In eight of the ten cases a consid- 
erable  fall was noticed after parathyroideetomy, while in two with 
naturally low assimilation limits the tolerance remained unchanged 
after  the removal of at  least  three parathyroids.  The  feature of 
most interest is that parathyroidectomy does npt result in constant 
glycosuria.  MacCallum  and  Voegtlin  (27)  reported  constantly 
negative results.  Such dogs on the average are capable of assimi- 
lating from two to three grams per kilo without its appearance in 
the urine, and more than this quantity is occasionally not tolerated 
by dogs with intact parathyroids.  This suggests that the parathy- 
roids  are  only  a  part, of  a  system  controlling sugar  metabolism. 
The thyroids were in all these cases slightly goitrous and,  for the 
~ost part,  removed along with the parathyroids, but  from data  to 
be published later  regarding thyroid and  sugar tolerance  we  have 
concluded that the presence or the absence of the thyroid has little 
or nothing to do with this acute change in alimentary sugar toler- 
ance.  The administration of calcium salts does not seem to modify 
the altered sugar tolerance of parathyroidectomy. 
CALCIUM SALTS IN TETANY. 
Calcium salts are  palliative and  preventative, but  in  no  sense 
curative.  MacCallum and  Voegtlin  (27)  have shown that  in 
nearly  all  cases of  parathyroid  tetany  calcium salts introduced 
by  mouth  or  intravenously  quickly but  temporarily  relieve the 
tetany.  In this series there  was one case where large quantities 
of  calcium chloride by  mouth  failed to  modify the  symptoms, 
and  later  intravenous  injection  of  considerable quantities like- 
wise failed to modify the symptoms materially.  Such  cases must 
be exceedingly rare, however.  After total parathyroidectomy cal- 
cium salts tend to, and in most cases do, prolong life.  The mechan- 
ism of its  action is  unknown.  There  were several cases in  the 
series that lived 8, Io, 15, and even  2o days with the aid of calcium 
salts, that as experience has shown usually die in a few hours or a few David  Marine.  101 
days.  On the other hand our observations have shown that in cases 
where a  remnant of active parathyroid tissue remains, calcium salts 
will permanently save such animals which otherwise would succumb 
to violent tetany.  In our series of thirty-eight, four (A-I2I,  A-I48, 
A-I83,  and A-217)  were surely saved by this means.  Two others 
that died of fatal tetany (A-Io4  and A-I I5)  could in all probability 
have been saved by the use of calcium salts  for a  few days as com- 
pressed  but  not  necrotic  parathyroids  were  found  at  the  superior 
pole at autopsy.  In tiding over otherwise  fatal tetanies, therefore, 
calcium salts are of the greatest value.  This  fact is of clinical im- 
portance in  operations  on goitre in man.  Total destruction of the 
parathyroids  in  the  operation  for  human  goitre  should  not  occur 
except in the most extensive dissections  for old complicated goitres 
and tumors,  while partial destruction  (the IVth on the given side) 
normally occurs when lobectomy is performed.  The destruction of 
one or even two under normal conditions in man  or dogs produces 
no  untoward  effects.  When tetanies  develop  following operations 
calcium  salts  are  of the  greatest value in  tiding  over acute  insuffi- 
ciencies.  The  use  of  calcium  is  also  of  value  in  testing  the  com- 
pleteness  or  incompleteness  of  the  parathyroidectomy.  If  the 
operation  is  complete  calcium  will  not  permanently  prolong  life. 
As  an  example  of  the  effect of calcium  in prolonging life the  fol- 
lowing experiment is reported. 
Dog A-i2z.--Middle-aged fox terrier; male.  Apr. 20, I9o8.  Weight 7.3 kilos. 
Following  the eleventh thyroid operation on Dec. 22, although I c.c. of saturated 
aqueous solution of calcium chloride was given just after the operation and another 
I c.c. dose on the following morning, he developed mild signs of tetany about noon 
and in the afternoon the dose was doubled.  Dec. 24.  Legs spastic, but the animal 
eats  heartily and  is  able  to  move  about.  Weight  II  kilos.  Dec.  27.  Slight 
tetany.  Dec. 29.  Quite  marked  tetany;  very ataxic.  3  c.e. saturated  calcium 
chloride solution.  Dec. 3I.  Slight twitching.  Jan. I, I9o9.  Well marked tetany; 
calcium chloride given.  Jan. 2.  Severe tetany ; unable to stand ; changed to lactate 
and given  Io c.e. of 5 15er cent.  solution  daily.  Slight  signs  of tetany each  day 
occasionally  reaching  severe  tetany until Jan. 8;  then the dose was  increased  to 
2o c.c. daily.  Weight xo kilos.  Eats heartily.  Exposure to cold appears  to bring 
on  tetany.  Jan.  I I.  Slight  tetany.  .Tan. I4.  Marked  tetany.  Respiration  88. 
Pulse  I8o.  Abdomen  distended.  Nose,  ears,  and  feet hot.  Jan.  I5.  A  canine 
parathyroid  was  transplanted  into  the  right  rectus  muscle.  No  calcium  was 
given until  Jan.  24, when slight  signs of tetany appeared  again.  Calcium lactate 
was  started  again.  Jan.  25.  Slight  tetany.  Jan.  26.  Violent tetany.  Jan.  29. 102  Observations  on  Tetany  in Dogs. 
Violent  tetany.  Feb. I.  Slight  sign  of tetany.  Feb. 2.  Tetany.  io  ox para- 
thyroids  given  by  mouth.  Feb. 3.  3o  parathyroids  given  by  mouth;  definite 
twitching.  Feb. 4.  Ioo parathyroids  given  by mouth;  twitchings;  and  in  the 
afternoon  tetany  became severe  and  calcium chloride  was  given.  Weight  Io.4 
kilos.  Feb. 5.  Slight  twitchings  relieved by calcium chloride.  Feb. 8.  Tetany. 
5o c.c. of  5 per  cent. solution  of  calcium lactate  given.  Feb. 9.  Under  ether 
one  and  one  half  sterile  ox  parathyroids  were  inserted  into  the  right  rectus 
muscle, 25 c.c. of calcium lactate  being given at the  end  of the  operation.  Feb. 
Io, II, and  I2.  Free  from tetany.  Feb. I3.  Tetany.  Evidence of gastric  irrita- 
tion,  vomits  frequently,  considerable  amounts  of  mucus.  Given 5o  c.c. of  o.5 
per cent. solution of calcium chloride subcutaneously.  Feb.  15.  Tetany.  Respira- 
tion  i8o.  :Pulse  2io.  Apparently  suffering pain.  Calcium lactate  given in  milk. 
Feb. 16.  Mild tetany.  It appears  evident  now that  calcium salts  are  not  well 
borne when administered by mouth.  Feb. I8.  Free from tetany.  Calcium lactate 
given in  milk.  Feb. I9.  The  fourteenth  operation  for thyroid  removal;  much 
scar tissue about the remaining  stump.  The animal  rallied quickly, ate heartily, 
and  was given 5o c.c. of 5 per  cent. solution  of calcium lactate  in  milk about 6 
v.M.  :Feb. 20, 8 h. ~.  Dead from hemorrhage. 
Autopsy.--The hemorrhage is seen to be from the superior thyroid artery which 
had  been cut almost  flush with  the  carotid  trunk,  and  the  stump was  too  short 
to  hold  the  ligature.  Viscera  are  blanched.  Two  accessory  thyroids,  the  size 
of small cherries,  were  found imbedded in the  thymus.  Chronic  catarrhal  gas- 
tritis,  probably  from calcium salts.  The other  tissues  appeared  normal.  At the 
time of operation  the dog seemed to be in perfect  health, and was fat and  sleek. 
As  regards  the  administration  of  calcium,  the  stomach  route  is 
preferable to all others and is equally efficient, since the few minutes' 
quicker  action  when given  intravenously  is  offset  by  the  greater 
dangers.  Subcutaneous injection is also not to be recommended on 
account of the  irritant  action,  discomfort,  and  danger  of  necrosis. 
In all our dogs gastric irritation was present.  This could have been 
much  lessened  by giving the  lactate  of  calcium  in  milk  instead  of 
the  highly irritant  calcium chloride  which is  more soluble  and  acts 
more quickly.  Whether the daily use of calcium as bone would save 
such dogs is  not known.  Our  few experiences  with the temporary 
use of bone indicate that it also aids. 
PARATHYROID OPOTHERAPY. 
Unlike  thyroid  feeding  in  myxedema,  the  feeding  of  parathy- 
roid  glands  by mouth  has  no  influence  over  the  course  of  tetany. 
MacCallum  and  Voegtlin  (27)  reported  negative  results  from 
their  experiments,  and  we  have  given  as  high  as  Ioo  fresh  ox 
parathyroids daily to dogs  with  complete tetany without any ame- 
lioration  of  symptoms  or  prolongation  of  life.  In  another  case David  Marine.  103 
(dog  _/k-I2I)  of  incomplete but  permanent tetany,  ten  ox  para- 
thyroids were given on one day, thirty on the following day,  and 
Ioo  on  the  third  day,  also  with  negative  results.  In  the  same 
dog one canine parathyroid taken aseptically and inserted into the 
right rectus muscle maintained the dog free from tetany  for eight 
days, and at the end of this period histological examination of the 
scar showed no evidence of the parathyroid.  A  large ox parathy- 
roid was then inserted and this likewise relieved the tetany for five 
days.  MacCallum (27)  refers to an observation of Halsted's where 
feeding ox  parathyroids  by  mouth seemed of  value  in  a  case  of 
human  tetany,  although  Shepard  (28)  reports  negative  results 
from a similar experience.  MacCallum (29)  and others have shown 
the rapid relief of symptoms by the intravenous injection of fresh 
parathyroid emulsions, and Beebe  (3  o)  has further shown that the 
parathyroid nucleoproteids also  relieve tetany when introduced in- 
travenously. 
Transplantation is  a  difficult procedure and  although there  are 
many reports of successes the data of permanency are often incom- 
plete.  Halsted (31 ) points out the necessity of first creating a physio- 
logical insufficiency, but even then most of the attempts are failures. 
Our three attempts to transplant them into the rectus muscle were 
failures, although the dogs were temporarily relieved of tetany from 
five to eight days.  Bone marrow, spleen, and thyroid are said to be 
more favorable sites  for transplantation. 
SUMMARY. 
Accessory parathyroid tissue unassociated with the thyroid lobes 
is present in 5 to 6 per cent. of dogs.  For the determination of the 
presence of accessory parathyroid tissue  there are  two tests:  (I) 
the anatomical, often entailing serial sections of the neck and upper 
thoracic structures,  and  (2)  the biological, consisting of the daily 
use of some calcium salt for two to three weeks.  The latter is more 
easily carried out and more accurate.  In the absence of all para- 
thyroid tissue calcium salts will not save the animal's life, while in 
the presence of active parathyroid tissue calcium will save it.  Many 
factors  other than  the  amount of  parathyroid  tissue  removed in- 
fluence the onset of tetany, among which are age, pregnancy, lacta- 
tion, rachitis, the administration of sulphur, and diet. 104:  Observations  on  Tetany  in  Dogs. 
Pregnancy and lactation tetany in dogs resembles in all essentials 
parathyroid  tetany.  Our  observations  are  in  harmony  with  those 
who  hold  that  the  thyroid  and  parathyroid  are  independent  struc- 
tures  as  regards  their  anatomy,  physiology,  and  pathology.  The 
removal  of  the  parathyroids  immediately  lowers  alimentary  sugar 
tolerance, but rarely to the degree of constant glycosuria. 
In sharp  contrast with thyroid substance in myxedema, the  feed- 
ing of parathyroid substance fresh or dried by mouth is of no value 
in the parathyroid tetanies of dogs. 
Calcium  salts  have  a  striking  palliative  effect  on  parathyroid 
tetany and preventative action in tiding over otherwise  fatal cases, 
but  are  in  no  sense  curative.  The  mode  of  action  is  unknown. 
There is some evidence that calcium salts directly influence the para- 
thyroid gland. 
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